ABSTRACT This investigation was designed to determine whether the rate of isovolumic left ventricular pressure decline is affected by load in man. Fourteen patients were instrumented with micromanometer left ventricular and right atrial pacing catheters to maintain a constant heart rate during control conditions and infusion of methoxamine or nitroprusside. The 
THE DURATION and rate of isovolumic left ventricular pressure decline may be controlled by load, inactivation, nonuniformity, or an intricate interplay among these factors. 1 The influence of alterations in load on isovolumic relaxation in various animal preparations is controversial.2 15 Several investigators have reported that increases in afterload3' 6-11. 13 and left ventricular end-diastolic pressure5 will prolong the rate of isovolumic relaxation, whereas decreases in afterload and left ventricular end-diastolic pressure will produce the opposite result. Results of other studies, however, have suggested that these factors may not independently affect the rate of isovolumic relaxation.2 4 Rather, it may be alfected by additional factors, including loading sequence,8 9 heart rate,2 4, 5 and inotropic state. 26 10, 12, 15 The most appropriate approach to calculating the rate of isovolumic relaxation has also been debated. 2' 3, 1623 Despite these conflicting opinions about the influence of load on the rate of isovolumic left ventricular pressure decline, there is little data in man addressing this issue. 24 25 Nevertheless, studies in human beings have assessed the effects of ischemia 19, 20, [26] [27] [28] hypertrophy,29 hypertrophic obstructive cardiomyopathy, 26' 30, 31 and pharmacologic interventions'9' 27, 28, 30, 31 on the rate of isovolumic relaxation. Whether the changes observed in the rate of isovolumic relaxation were due to the effects of the pathologic process or the pharmacologic agent on the active relaxation process or to the affects of alterations in load and/or nonuniformity on isovolumic relaxation is unclear. The present investigation was therefore designed to determine whether the rate of isovolumic DIAGNOSTIC METHODS-VENTRICULAR PERFORMANCE relaxation in patients with normal left ventricles is affected by modest alterations in loading conditions.
Methods
Patients. The patient population consisted of 14 subjects (nine men and five women; ages 32 to 60 years [mean 48 ± 8]) who were being evaluated for chest pain. All patients had a normal physical examination, electrocardiogram, chest roentgenogram, and M mode echocardiographic study. Before cardiac catheterization, written informed consent for this investigation, as approved by the Human Studies Committee of the University of Michigan and VA Medical Centers, Ann Arbor, Michigan, or the University of Texas Health Science Center, San Antonio, Texas, was obtained. All medications were discontinued 24 to 48 hr before cardiac catheterization. All patients had normal intracardiac pressures, cardiac outputs, coronary arteriograms, biplane left ventriculograms, and negative ergonovine stimulation tests.
Protocol. After completion of the routine cardiac catheterization, a precalibrated, high-fidelity micromanometer catheter (VPC-780C or VPC-784D; Millar Instruments, Houston) was placed in the left ventricle. In addition, a bipolar pacing catheter was placed in the right atrium to maintain a constant heart rate throughout the protocol. Two electrocardiographic leads, highfidelity micromanometer left ventricular pressures, and the first derivative of left ventricular pressure (dP/dt) obtained by continuous electronic differentiation of the left ventricular pressure signal were recorded with an Electronics for Medicine VR-16 or VR-12 physiologic recorder at 100 mm/sec paper speed. These it has been suggested that the time constant should be calculated with a variable asymptote.5 10 21 23 Consequently, we also used the method proposed by Raff and Glantz,s who demonstrated that dP/dt was a linear function of P with a variable pressure asymptote: dP/dt=-T (P -PB) We also assessed the rate of isovolumic relaxation as peak (-) dP/dt [(-)dP/dtmin]. In addition, since (-)dP/dtmin is a function of instantaneous pressure (P), the use of -)dP/dtmin/P has been proposed by Karliner et The mean time fromn the onset of the QRS complex to peak (-)dP/dt, a measure of the duration of electromechanical systole, was prolonged during the infusion of methoxamine (p < .001) and was shortened during the infusion of nitroprusside (p < .001) compared with control. The mean (-)dP/dtmin increased during the infusion of methoxamine (p < .05) and decreased during the nitroprusside infusion (p < .01) compared with control. In contrast, the average (-)dP/dtmin/P values were similar during the three loading conditions. Of the three patients who were given dobutamine to alter inotropic state, one showed no change in mean heart rate, whereas two demonstrated a significant increase in their mean heart rates with the infusion of dobutamine (p < .001 and p < .01). The mean left ventricular peak pressures increased in all three patients during the infusion of dobutamine compared with control (p < .001), whereas the mean left ventricular end-diastolic pressures did not differ significantly. The mean (+ )dP/dt/DP40 values were increased by the infusion of dobutamine in all three patients compared with control (p < .01 to p < .001).
The mean Tln and TD values were shortened by the infusion of dobutamine (p < .05 to p < .00 1), whereas figure 3, the isovolumic ( -) reported that the rate of isovolumic left ventricular figure 2, the infusion pressure decline was prolonged when load was subllel, rightward shift in stantially increased by both volume and phenylephrine. are vs time relations, Our findings in man, which contrast with these data in sside produced a parintact animals,3 6 can probably be explained considared with control. As ering that our observations were made in conscious subjects and that we used only modest increases in load. Thus the specific preparation, the conditions under xation which the study is performed, and the magnitude of the Our investigation does not exclude the possibility that a greater increase in load may have prolonged the rate of isovolumic left ventricular pressure decline. It suggests, however, that a family of parallel shifting Tin curves may exist below some threshold value of load, where no change in Tin is detectable (figure 2) or superimposable TD curves are evident ( figure 3) probably determined by the recycling of internal calcium stores and are not significantly altered by modest changes in left ventricular load produced by the present methods when heart rate is maintained constant in man.
The optimal approach to modeling the isovolumic relaxation period has been debated. 2 and of instantaneous ( -)dP/dt vs P, TD. All definitions of Tau were highly linear, which supports the monoexponential nature of each approach, and they all showed no significant alteration in their slope values with changes in load ranging from + 43% to -29% from control. These data therefore suggest that either approach to calculating the rate of isovolumic left ventricular pressure decline may be appropriate in man.
Several studies in man have demonstrated that the rate of isovolumic relaxation is altered in patients with ischemic heart disease, 19 20, 26-28 hypertrophy, 29 and hypertrophic obstructive cardiomyopathy26' 30, 31 and by pharmacologic interventions in patients with these disease processes. 19' 27, 28, 30, 31 The effects of these disease processes and pharmacologic interventions on the rate constants could be due to their alterations of load, the cardiac inactivation process, nonuniformity of relaxation, or a complicated interaction of these factors. In the present investigation, the rate of isovolumic relaxation was shown in patients with normal left ventricles and no evident cardiac disease to be unaffected by modest changes in loading conditions but strongly influenced by inotropic state. This suggests that the effects of these disease processes and the results of pharmacologic interventions on isovolumic relaxation may be due to their effects on the intrinsic, active cardiac relaxation process and not to alterations in load when heart rate and inotropic state remain constant. Alterations in nonuniformity of relaxation cannot, however, be totally excluded, particularly in patients with ischemic heart disease.
We conclude that modest alterations in left ventricular loading conditions in patients with normal left ventricles and no identifiable cardiac disease do not significantly affect the duration or rate of isovolumic relaxation when heart rate is maintained constant by right atrial pacing. Moreover, this observation is evident regardless of the method of calculating the time constant. Thus these calculations appear to be very useful for determining changes in the rate of isovolumic relaxation as a reflection of the intrinsic active cardiac relaxation process.
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